The fourth of December is an important astronomical anniversary and one of especial interest to amateur astronomers. On that date just three centuries ago (November 24, 1639, on the Julian Calendar then in use in England) two young Englishmen, one a curate, the other a cloth-dealer, "enjoyed the privilege of witnessing a phenomenon which human eyes had never before beheld, and which no one was destined again to see until more than a hundred years had passed away." The phenomenon ob- The story is well known ; it is told whenever the name of Horrocks is mentioned. Brief accounts are given by Agnes M.
Clerke in the Encyclopaedia Britannica, 11th edition, and ;n the Dictionary of National Biography, and a detailed account will be found in Robert Grant's History of Physical Astronomy (London, 1852). All of these are readily available. Horrock's own account, however, is quite rare. His interesting dissertation The occasion, excellence, and utility of the Observation.
Soon after the commencement of my astronomical studies, and whilst preparing for practical observations, I computed the Ephemerides of several years, from the continuous tables of Lansberg. Having followed up the task with unceasing perseverance, and having arrived at the point of its completion, the very erroneous calculation of these tables, then detected, convinced me that an astronomer might be engaged upon a better work. Accordingly I broke off the useless computation, and resolved for the future with my own eyes to observe the positions of the stars in the heavens ; but lest so many hours spent on Lansberg should be entirely thrown away, I made use of my Ephemerides in ascertaining the positions of the distant planets, so that I was enabled to predict their conjunctions, their appulses to the fixed stars, and many other extraordinary phenomena. Delighted for the time with such a foretaste of the science, I took great pains carefully to prepare myself for further observation.
Whilst thus engaged, I received my first intimation of this remarkable conjunction of Venus with the Sun; and I regard it as a very fortunate occurrence, inasmuch as about the beginning of October, 1639, it induced me, in expectation of so grand a spectacle, to observe with increased attention. I pardon, in the meantime, the miserable arrogance of the Belgian astronomer, who has overloaded his useless tables with such unmerited praise, and cease to lament the misapplication of my own time, deeming it a sufficient reward that I was thereby led to consider and to foresee the appearance of Venus in the Sun....
The more accurate calculations of Rudolphi very much confirmed my expectations; and I rejoiced exceedingly in the hope of seeing Venus, the rarity of whose appearance in conjunction with the Sun had induced me to pay less attention to the more common phenomena of the same kind visible in the planet Mercury; for though hitherto these phenomena have been observed on one occasion only, the science of astronomy holds out to us the assurance that they will, even in our time, frequently appear ....
The chance of a clouded atmosphere caused me much anxiety; for Jupiter and Mercury were in conjunction with the Sun almost at the same time as Venus. This remarkable assemblage of the planets, (as if they were desirous of beholding, in common with ourselves, the wonders of the heavens, and of adding to the splendour of the scene), seemed to forebode great severity of weather. Mercury, whose conjunction with the Sun is invariably attended with storm and tempest, was especially to be feared. In this apprehension I coincide with the opinion of the astrologers, because it is confirmed by experience; but in other respects I cannot help despising their more than puerile vanities.
I have thought it right, independently of the remarks upon the planets which I have elsewhere made, to publish a separate treatise upon this observation, on account of its great practical utility and excellence above all others, which I trust I may be permitted to set forth without being accused of ostentation.
In the first place, I found that it was well suited to correct the mean motion of Venus, on account of two advantages which other observations do not possess.
The one consists in the difficulty which might be occasioned by the parallax of the orbit, or the second equation, being removed from this observation. I speak in accordance with the opinion of Copernicus, whom alone I shall follow in his general hypotheses. The conjunction placing the bodies of the sun, of the earth, and of the planet herself in one line has removed all possibility of deception from a spectacle which in other positions presents difficulties scarcely possible to overcome.
The other advantage results from the proximity of Venus to the earth, and her convenient situation as respects the sun, whence it happens that one minute in her longitude alters her apparent situation nearly three minutes. If therefore on the other hand, we can observe her apparent place within a minute, it is clear that we shall ascertain her real longitude in her orbit within the third part of a minute; whereas when the planet is in other situations, a whole degree scarcely affects the apparent place of her longitude, especially in her greatest distances from the sun, when observations of her are most frequently and correctly made; moreover both these and other observations plainly prove that the mean motion of Venus has never yet been determined by astronomers with sufficient accuracy.
In the second place, no other observation shews so correctly the longitude of the node of Venus; for the telescope which I employed on this occasion is much more accurate than those generally used.
Neither have I depended altogether upon the latitude of the fixed stars, with regard to which there might be some doubt, but have cal-culated from the sun itself, which is always necessarily fixed in the Ecliptic. Moreover there is an additional circumstance in the very great visible inclination of the orbit, by which, the apparent latitude being rapidly changed, the distance of Venus from the node is more minutely ascertained; one minute of observed latitude determining the longitude of the node to the tenth part of a degree; upon this point, however, it is right to add that modern astronomers are divided.
But especially would I call the attention of the reader to the surprising minuteness of Venus' apparent diameter; even though Gassendi has already bespoken the admiration of astronomers, by pointing out a similar peculiarity with respect to Mercury; and though I am not the first to notice this circumstance, I can at all events confirm it. By another and a very striking proof it will be seen how much we are liable, in estimating the diameters of the planets, to be deceived by their refraction.
Influenced by these reasons, and following the example of Gassendi, I have drawn up an account of this extraordinary sight, trusting that it will not prove less pleasing to astronomers to contemplate Venus than Mercury, though she be wrapt in the close embraces of the sun; Vinclisque nova ratione paratis Admisisse Deos.
Hail ! then, ye eyes that penetrate the inmost recesses of the heavens, and gazing upon the bosom of the sun with your sight-assisting tube, have dared to point out the spots on that eternal luminary ! And thou too, illustrous Gassendi, above all others, hail ! thou who, first and only, didst depict Hermes' changeful orb in hidden congress with the sun. Well hast thou restored the fallen credit of our ancestors, and triumphed o'er the inconstant Wanderer. Behold thyself, thrice celebrated man ! associated with me, if I may venture so to speak, in a like good fortune. Contemplate, I repeat, this most extraordinary phenomenon, never in our time to be seen again! the planet Venus drawn from her seclusion, modestly delineating on the sun, without disguise, her real magnitude, whilst her disc, at other times so lovely, is here obscured in melancholy gloom ; in short, constrained to reveal to us those important truths, which Mercury, on a former occasion, confided to thee ....
CHAPTER II
Account of the Observation Whilst I was meditating in what manner I should commence my observation of the planet Venus so as effectually to realize my expectations, the recent and admirable invention of the telescope afforded me the greatest delight, on account of its singular excellence and superior accuracy above all other instruments. For although the method which Kepler recommends in his treatise on Optics, of observing the diameter and eclipses of the sun through a plain aperture without the aid of glasses, is very ingenious, and in his opinion, on account of its freedom from refraction, preferable to the telescope ; yet I was unable to make use of it, even if I had wished to do so, inasmuch as it does not shew the sun's image exactly, nor with sufficient distinctness, unless the distance from the aperture be very great, which the smallness of my apartment would not allow. Moreover I was afraid to risk the chance of losing the observation; a misfortune which happened to Schickard, and Mögling, the astronomer to the Prince of Hesse, as Gassendi tells us in his Mercury: for they, expecting to find the diameter of Mercury greater than it was reasonable to anticipate, made use of so large an aperture that it was impossible to distinguish the planet at all, as Schickard himself has clearly proved; and even though Venus gave promise of a larger diameter, and thereby in some measure lessened this apprehension, and I was able to adapt the aperture to my own convenience, yet in an observation that could never be repeated, I preferred encountering groundless fears to the certainty of disappointment. Besides, I possessed a telescope of my own of such power as to shew even the smallest spots upon the sun, and to enable me to make the most accurate division of his disc; one which, in all my observations, I have found to represent objects with the greatest truth. This kind of instrument therefore I consider ought always to be preferred in such experiments ....
Having attentively examined Venus with my instrument, I described on a sheet of paper a circle whose diameter was nearly equal to six inches, the narrowness of the apartment not permitting me conveniently to use a larger size. This however admitted of a sufficiently accurate division; nor could the arc of a quadrant be apportioned more exactly, even with a radius of fifty feet, which is as great an one as any astronomer has divided ; and it is in my opinion far more convenient than a larger, for although it represents the sun's image less, yet it depicts it more clearly and steadily. I divided the circumference of this circle into 360° in the usual manner, and its diameter into thirty equal parts, which gives about as many minutes as are equivalent to the sun's apparent diameter: each of these thirty parts was again divided into four equal portions, making in all one hundred and twenty ; and these, if necessary, may be more minutely subdivided; the rest I left to ocular computation, which, in such small sections, is quite as certain as any mechanical division. Suppose then each of these thirty parts to be divided into 60", according to the practice of astronomers. When the time of the observation approached, I retired to my apartment, and having closed the windows against the light, I directed my telescope, previously adjusted to a focus, through the aperature towards the sun and received his rays at right angles upon the paper already mentioned. The sun's image exactly filled the circle, and I watched carefully and unceasingly for any dark body that might enter upon the disc of light.
Although the corrected computation of Venus' motions which I had before prepared, and on the accuracy of which I implicitly relied, forbad me to expect anything before three o'clock in the afternoon of the 24th; yet since, according to the calculations of most astronomers, the conjunction should take place sooner, by some even on the 23rd, I was unwilling to depend entirely on my own opinion which was not sufficiently confirmed, lest by too much self-confidence I might endanger the observation. Anxiously intent therefore on the undertaking through the greater part of the 23rd, and the whole of the 24th, I omitted no available opportunity of observing her ingress. I watched carefully on the 24th from sunrise to nine o'clock, and from a little before ten until noon, and at one in the afternoon, being called away in the intervals by business of the highest importance 1 which, for these ornamental pursuits, I could not with propriety neglect. But during all this time I saw nothing in the sun except a small and common spot, consisting as it were of three points at a distance from the centre towards the left, which I noticed on the preceding and following days. This evidently had nothing to do with Venus. About fifteen minutes past three in the afternoon, when I was again at liberty to continue my labors, the clouds, as if by divine interposition, were entirely dispersed, and I was once more invited to the grateful task of repeating my observations. I then beheld a most agreeable spectacle, the object of my sanguine wishes, a spot of unusual magnitude and of a perfectly circular shape, which had already fully entered upon the sun's disc on the left, so that the limbs of the Sun and Venus precisely coincided, forming an angle of contact. Not doubting-that this was really the shadow of the planet, I immediately applied myself sedulously to observe it.
In the first place, with respect to the inclination, the line of the diameter of the circle being perpendicular to the horizon, although its plane was somewhat inclined on account of the Sun's altitude, I found that the shadow of Venus at the aforesaid hour, namely fifteen minutes past three, had entered the Sun's disc about 62° 3CK, certainly between 60° and 65°, from the top towards the right. This was the appearance in the dark apartment; therefore out of doors beneath the open sky, according to the law of optics, the contrary would be the case, and Venus would be below the centre of the sun, distant 62° 30' from the lower limb, or the nadir, as the Arabians term it. The inclination remained to all appearance the same until sunset, when the observation was concluded.
In the second place, the distance between the centres of Venus and the Sun I found, by three observations, to be as follows :
The true setting being 3.45. and the apparent about 5 minutes later, the difference being caused by refraction. The clock therefore was sufficiently correct.
In the third place, I found after careful and repeated observation, that the diameter of Venus, as her shadow was depicted on the paper, was larger indeed than the thirtieth part of the solar diameter, though not more so than the sixth, or at the utmost the fifth, of such a part. Therefore let the diameter of the Sun be to the diameter of Venus as 30' to 1' 12". Certainly her diameter never equalled V 30", scarcely perhaps V 20", and this was evident as well when the planet was near the Sun's limb, as when far distant from it .... This is all I could observe respecting this celebrated conjunction, during the short time the Sun remained in the horizon : for although Venus continued on his disc for several hours, she was not visible to me longer than half-an-hour, on account of his so quickly setting. Nevertheless, all the observations which could possibly be made in
The Hour
Distance of the Centres 14' 24" 13' 30" 13' 0" At 3.15 by the clock 3.35 3.45 3.50 the apparent sunset so short a time, I was enabled, by Divine Providence, to complete so effectually that I could scarcely have wished for a more extended period. The inclination was the only point upon which I failed to attain the utmost precision; for, owing to the rapid motion of the Sun, it was difficult to observe with certainty to a single degree, and I frankly confess, that I neither did nor could ascertain it. But all the rest is sufficiently accurate, and as exact as I could desire.
CHAPTER III
What others observed, or might have observed, of this Conjunction
When first I began to attend to this Conjunction, I not only determined myself to watch diligently an appearance so important, but invited others also whom I knew to be interested in astronomy to do the same, in order that the testimony of many observers, should it so happen, might more firmly establish the truth; and especially because, if observations were made in different places, our expectations would be less likely to be frustrated by a cloudy sky or any other obstacle. I wrote therefore immediately to my most esteemed friend William Crabtree, a person who has few superiors in mathematical learning, inviting him to be present at this Uranian banquet, if the weather permitted; and my letter, which arrived in good time, found him ready to oblige me; he therefore carefully prepared for the observation, in a manner similar to that which has been mentioned. But the sky was very unfavorable, being obscured during the greater part of the day with thick clouds ; and as he was unable to obtain a view of the Sun, he despaired of making an observation, and resolved to take no further trouble in the matter. But a little before sunset, namely about thirty-five minutes past three, certainly between thirty and forty minutes after three, the Sun bursting forth from behind the clouds, he at once began to observe, and was gratified by beholding the pleasing spectacle of Venus upon the Sun's disc. Rapt in contemplation, he stood for some time motionless, scarcely trusting his own senses, through excess of joy; for we astronomers have as it were a womanish disposition, and are overjoyed with trifles and such small matters as scarcely make an impression upon others; a susceptibility which those who will may deride with impunity, even in my own presence, and, if it gratify them, I too will join in the merriment. One thing I request: let no severe Cato be seriously offended with our follies; for, to speak poetically, what young man on earth would not, like ourselves, fondly admire Venus in conjunction with the Sun, "pulchritudinen divitiis conjunctam"? But to return, he from his ecstacy, and I from my digression. In a little while, the clouds again obscured the face of the Sun, so that he could observe nothing more than that Venus was certainly on the disc at the time. What he actually saw in so short a space was as follows :
In the apartment, Venus occupied the right side of the Sun, being higher than its centre, and therefore in the heavens lower and on the left: She was distant at the aforesaid hour, namely thirty-five minutes past three, a sufficiently appreciable space from the Sun's left limb ; but Crabtree's opportunity was so limited that he was not able to observe very minutely either the distance itself, or the inclination of the planet. As well as he could guess by his eye, and to the best of his recollection, he drew upon paper the situation of Venus, which I found to differ little or nothing from my own observation ; nor indeed did he err more than Apelles himself might have done in making so rapid a sketch. He found the diameter of Venus to be seven parts, that of the Sun being two hundred, which, according to my calculations gives about V 3" ... . Space will not permit further quotation. In the original dissertation fourteen more chapters of discussion of the results follow, all of which make most interesting reading, especially when, as frequently happens, the writer, unable to restrain his enthusiasm, bursts forth into poetry.
The story told at length in the quotation above has been beau- 
